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IRON, COPPER AND ASH CONTENT OF HUMAN HAIR OF
DIFFERENT COLORS"
THOMAS F. DUTCHEE, B.A. AND STEPHEN ROTHMAN, M.D.
After an iron containing pigment was isolated from human red hair, and not found in
hair of other colors (1),' the question arose as to whether the total amount of iron in red
hair is relatively greater reflecting the presence of an additional iron compound in red
hair.
We could find data on the iron content of human hair only in the literature of the last
century. According to the analyses of Baudrimont (3) the iron content in the ash of hair
is as follows: brown 10.9%; red 9.7%; white 8.4%; black 8.1%; and blonde 4.2% of the ash
expressed in Fe2O3. We found a much higher iron content in bright red hair than in hair
of other colors. Moreover, we found the ash content of red hair to be relatively high. If
only the iron content of the ash is calculated, as done by Baudrimont, the increased iron
content of red hair is not apparent.
METHOD
For the estimation of iron, the wet ash method as described by S. H. Jackson (4) was
used. After ashing with the sulphuric, nitric and perchloric acid mixture, 5% sulphurous
acid was used for the reduction of iron since more complete reduction and therefore more
consistent results were obtained with sulphurous acid than with the sodium bisulfite,
hydroquinone and p-hydroxyphenyl glycine recommended in the literature (4, 5, 6, 7).
After reduction, the iron was estimated as the a-a' dipyridyl complex (8) in a Coleman,
Model 14, Spectrophotometer.
When iron and copper were determined in the same sample, the method of Gerber et al.
(6) was used bat we deviated from this method insofar as the precipitation of calcium by
lead salts was omitted. It was found that the reaction of copper with the sodium diethyl-
dithiocarbamate reagent was not interfered with, even in the presence of excess amounts
of calcium.
Originally samples were subjected to dry ashing at 450°C. for 12 hours (7) and the ash
was weighed. However, difficulties were encountered in quantitatively transferring the
ash for further work-up. The data presented on iron and copper content were all obtained
from wet-ashed samples. Rair samples to be analyzed were chopped with chrome-plated
scissors, thoroughly mixed, exhaustively extracted with ether and dried at 100°C. to weight
constancy prior to ashing.
MATEETAL AND EESULTS
Bright red hair was collected from 3 persons, black hair from 7 persons, blonde hair from
3 persons, and gray and yellow white hair from 1 person each. Several estimations were
carried out in identical samples, the number dependent upon the amount available.
Iron: The iron content of hair of different colors is given in Tables I to IV. The figures
indicate iron expressed in mg.% of dry, fat-free hair.
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1 Nickerson (2) reported on the occurrence of a similar pigment in red and buff feathers
of several breeds of domestic fowl.
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TABLE I
Iron content of black hair
Fe expressed in mg. %
The Tables show that there are great individual variations of iron content within the
same hair color in all groups. Still, it is clear that samples of red hair have by far the high-
est iron content. One of the three individual red hair samples had a relatively low iron
content but still much higher than hair of any other color. The iron content of the other
two samples was two to three times higher than that of other hair color groups.
PERSON NO.
1
2*
3
4
5*
6*
7*
DETERMINATION NO.
—
INDIVIDUAL
AVERAGE
2.39
4.95
2.84
2.78
3.04
2.39
1.92
1
2.39
5.00
2.53
2.95
2.85
2.36
1.97
2
4.90
3.22
2.61
3.24
2.34
1.98
3
2.77
2.38
1.86
4
2.38
1.86
5
2.43
6
2.43
7
2.43
Overall Average 2.71
* Denotes samples on which both iron and copper were determined,
TABLE H
Iron content of blonde hair
Fe expressed in mg. %
1
2
3*
DETERMINATION NO.
INDIVIDUAL
AVERAGE
1 2 3
2.99 2.80 2.83 2.87
2.24 2.16 2.26 2.26
2.37 1.99 2.26 2.21
PERSON NO.
Overall Average 2.43
* Denotes samples on which both iron and copper were determined.
TABLE III
Iron content of gray and white hair
Fe expressed in mg. %
PERSON NO.
+ 1*
+ + 2*
DETERMINATION NO.
1 2 3
-
4 5 6 7
-
1.89 1.79 1.76 1.83 1.63 1.82 1.81
4.27 4.44 4.50
INDIVIDLIAL
AVERAGE
1.79
4.40
+ Hair color—gray. + + hair Color—yellow white.
* Denotes samples on which both iron and copper were determined.
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TABLE IV
Iron content of red hair
Fe expressed in mg. %
PERSON NO.
1
2
3*
3 cont.
DETERMINATION NO.
INDIVIDUAL
671
13.2
10.8
1
6.19
15.8
11.6
9.3
2 3
6.23 6.99
12.6 11.2
11.5 11.7
10.8 9.1
4 5
6.63 7.28
11.4 11.2
9.8
6 7
6.15 7.52
11.0 11.6
Overall Average 9.78
* Denotes samples on which both iron and copper were determined.
TABLE V
Copper content of dry, fat-free human hair
Cu expressed in mg. %
DETERMINATION NO.
INDIVIDUAl. INDIVIDUAL
RATE SAMPLES AVERAGE
1 2 3 4 5 6 7
Black 1 2.40 2.26 2.33
Black 2 5.06 5.24 5.15
Black 3 2.29 2.11 2.02 2.26 2.17
Black 4 2.78 2.78 2.78 2.52 2.81 2.81 2.64 2.73
Red 3.86 3.71 3.75 4.00 3.42 3.26 3.66
Blonde 2.98 2.66 2.82
Gray 2.94 3.05 2.74 2.91 3.38 2.75 2.96
White 3.72 3.66 3.83 3.74
TABLE VI
Ash content expressed in weight % of dry fat-free hair
COLOR OP
SAMPLES
Brown
Black
Gray
Red 1
Red 2
DETERMINATION NO. INDIVIDUAL
AVERAGE
1 I 2 3 4 5
0.542 0.585 0.562 0.550 0.532 0.554
0.531 0.579 0.473 0.528
0.504 0.460 0.452 0.405 0.455
0.832 0.792 0.855 0.826
1.035 0.904 0.890 0.943
The presence of an iron pigment does not completely account for this difference. Red
hair contains approximately 50 mg.% of iron pigment (1) having an approximate iron
content of 10%. Thus t.he iron pigment accounts for an excess of 5 mg.% whereas the ob-
served difference, if red hair is compared with black and blonde hair, is more than 7 mg.%
Iron is loosely bound in the organic pigment complex and therefore it is possible that
part of the iron is split off from its organic linkage within the hair. This part then would
not appear in the end product of the acid-extraction and purification as described previ-
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ously (1). In this connection it is interesting to note Flcsch's recent findings (9). He found
that the iron content of red-brown hair of guinea pigs was considerably higher than that
of white hair from the same animals, although the acid-soluble pigment of human red hair
could not be demonstrated in the red-brown hair of guinea pigs.
Copper: It has been reported by some investigators that black hair of animals (10)
and man (11, 12) has a higher copper content than white hair. This could not be confirmed
by others (12, 13). According to Flesch's experiments (9) black and gray hair of rabbits,
guinea pigs and rats generally, but not always, contained more copper than white hair of
the same individuals.
In order to check the possible relations of hair color shade to copper content of human
hair, copper estimations were carried out in 4 black, 1 red, 1 blonde, 1 gray and 1 white
human hair samples. As shown in Table V, we were unable to find any such relationship.
Ash Content: When dry ashing was carried out and the weight of ash recorded, it was
noted that red hair has considerably higher ash content than hair of other colors (Table
VI). This difference is much greater than can be accounted for by the excess iron content
of red hair. Therefore, it is concluded that red hair contains excess inorganic material in
addition to its higher iron content.
SUMMARY
1. Red hair contains greater amounts of iron than hair of any other shade. The presence
of an iron pigment in red hair does not account for the whole difference. It is assumed
that in the hair iron is split off from the organic pigment complex.
2. No relation between the copper content and the color shade of human hair could be
found.
3. The ash content of red hair is significantly higher than that of hair of other colors.
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